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Probing EphA2 Signalling in the Context of Integrin Adhesion using a
Hybrid of Fluid Lipid Bilayers and Immobilized RGD Patterns
Zhongwen Chen1, Cheng-Han Yu1, Kabir H. Biswas1, Ronen Zaidel-Bar1,
Jay T. Groves2.
1Mechanobiology Institute, Singapore, Singapore, 2Department of
Chemistry, UC Berkeley, Howard Hughes Medical Institute, Berkeley,
CA, USA.
The Eph receptors comprise the largest family of receptor tyrosine kinases.
Their activation depends on juxtacrine signalling, triggered by ephrin ligands
on an apposed cell membrane. Eph and ephrin are key regulators in many phys-
iological developmental and pathological processes. For example, EphA2 is
overexpressed in over 40% of all breast cancers, and their overexpression is
highly correlated with metastasis and poor prognosis. However, the underlying
mechanism of how EphA2 is triggered and related with metastasis is largely
unknown.
Using a reconstituted system made of supported lipid bilayers displaying
ephrinA1 ligands and live cells expressing EphA2 receptors, we have previ-
ously observed the binding, clustering and centripetal movement of ligand-
receptor complexes, followed by the activation of downstream signalling,
including phosphorylation of EphA2 kinase and recruitment of ADAM10
metalloproteinase. Importantly, when ephrinA1-EphA2 lateral movement
was inhibited by surface diffusion barriers, ADAM10 recruitment was greatly
reduced, indicating the spatial sensing ability of EphA2 receptors.
Here, we developed a subcellular-scale hybrid pattern of fluid ephrinA1 and
immobilized RGD peptide to simultaneously mimic both cell membrane and
extracellular matrix environments, with controllable shape and size. Fluores-
cence recovery after photobleaching showed that the lateral diffusion of
ephrinA1 was not affected by the presence of RGD patterns. Live cell experi-
ments revealed that cells formed integrin adhesions as well as ephrinA1-EphA2
complexes, and they displayed a more spread geometry. Remarkably, instead of
centripetal movement of ephrinA1-EphA2 clusters, as seen on lipid bilayers
alone, the ephrinA1-EphA2 clusters in this hybrid pattern are smaller and
more dispersed. Ongoing work is aimed at determining the differential
responses of downstream signalling such as ADAM10 recruitment and
EphA2 endocytosis. This method can be extended to the study of other cell-
cell and cell-matrix interactions.
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Single Molecule Measurements of TCR Triggering in Self-Reactive T Cells
Katherine N. Alfieri, Jay T. Groves.
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Autoimmune disease is characterized by T cell recognition of self-antigens
presented by major histocompatibility complex (MHC) molecules. Due to
the low affinity of self-peptide-MHC for the T cell receptor (TCR), autoaggres-
sive T cells are capable of escaping negative selection in the thymus. However,
despite the reduced stability of the peptide-MHC:TCR complex, endogenous
antigen can trigger self-reactive cells with sufficient strength required to initiate
and sustain an immune response. To elucidate how weak binding can activate
autoaggressive human T cells, we are developing a hybrid live cell-supported
membrane system to study signaling at the single molecule level. An artificial
lipid bilayer functionalized with peptide-MHC is used to mimic the antigen-
presenting cell and trigger T cells. Each peptide antigen is labeled with a single
fluorphore, allowing us to track individual peptide-MHC:TCR complexes
while simultaneously monitoring the local membrane recruitment of signaling
molecules. Using this living T cell-artificial membrane system and single
molecule imaging, we can directly observe early signaling events in healthy
and self-reactive T cells and better understand the mechanism of TCR
triggering in autoimmune disease.
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Mainstream approaches to examining the biophysical properties of integral
membrane proteins (IMPs) possess severe limitations, mostly as a consequence
of the instability of IMPs in solution. As a result, it has become common prac-
tice to characterize only their more soluble, extracellular domains, thus
compromising the intrinsic properties of the native IMP. For signaling proteins
such as immune receptors, an assessment of the full-length protein in its native
membrane environment is critical for revealing the true function of the recep-
tor. Tethered bilayer membranes (tBLMs) serve as the ideal system for recon-stituting receptor-lipid complexes, as they are amenable to surface
characterization methods such as surface plasmon resonance (SPR) and neutron
reflectivity (NR). With the development of these receptor-lipid systems, a
better understanding of the complexities of immune receptor signaling mecha-
nisms, which up until now include theories of allosteric effects and receptor
clustering, may well be within reach.
The studies presented here showcase the design of anchoring transmembrane
domains (TMDs) into lipid bilayers. The critical event of TMD insertion was
examined using a mimic peptide of the TMD of the T cell co-receptor CD4,
along with a hydrophobic and polar peptide which have both been characterized
previously in lipid environments using circular dichroism and tryptophan fluo-
rescence. Conducive for these studies, biotin tags were placed at the N-terminus
of each peptide to evaluate the proper formation of a peptide-lipid complex
using streptavidin capture. Relative insertion efficiency of these peptides
were monitored using SPR and tryptophan fluorescence, followed by NR
measurements to characterize their orientation relative to the tBLM. By laying
the major groundwork of constructing peptide-tBLM systems, we are progress-
ing convincingly towards novel protocols for reconstituting fully-active
immune receptor proteins into physiologically relevant lipid systems to aid
our studies of immune response signaling.
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Dynamic Behavior of TCR Microclusters on a Live Cell Investigated by a
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T cell receptor (TCR) microclusters play an important role as they are the sites
of regulation of early T cell signaling. TCR microclusters are, however, diffi-
cult to study because their size is too small for conventional fluorescence
microscopy and too large for physicochemical methods that depend on prox-
imity effect such as FRET. Despite the recent advancement in super-
resolution microscopies, their use is still limited to fixed cells or slow
processes in the cell. We developed a new platform for probing and mani-
pulating TCR microclusters on a live cell by mechanical means. A two-
dimensional array of gold nanoparticles is embedded on the glass substrate.
A supported membrane, which acts as a surrogate cell membrane that has later-
ally fluid ligand molecules for cells, was deposited on a glass substrate with a
regular array of gold nanoparticles. The supported membrane interacted with T
cells and the lateral movement of TCR microclusters on the T cell surface was
effectively altered by the gold nanoparticles. This platform offers many oppor-
tunities for studying this poorly understood size regime of protein assemblies
on a live cell.
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Investigation of TCR Triggering Mechanism with Membrane Anchored
Fab’ Fragments
Michael P. Coyle, Geoffrey P. O’Donoghue, Rafal M. Pielak, Jenny J. Lin,
Jay T. Groves.
HHMI, UC Berkeley, Berkeley, CA, USA.
The T-cell receptor (TCR) is a critical component in the recognition of foreign
antigens by the immune system. Still, the mechanism of triggering that differ-
entiates true antigen molecules from self-peptides is unclear. Recent work in
our group (O’Donoghue, Pielak et al eLife, 2013) suggests that that relatively
slow dissociation kinetics of the antigen/TCR complex are a major factor in
TCR triggering. Still, these kinetic characteristics vary widely between
different TCR clones, even when they are stimulated by the same antigen.
For this reason, and to investigate the contribution of other physical factors
in TCR triggering, we will discuss results from experiments using membrane
anchored TCR binding antibody fragments at physiologically relevant
densities.
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Nicole C. Fay, Katherine Alfieri, Hiro Kai, Jay Groves.
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T cells use T cell receptors (TCRs) to robustly discern extremely low numbers
of agonist peptide amidst a myriad of background peptides. The costimulatory
receptor CD28 on the T cell surface engages CD80 on the antigen presenting
cell to enhance the sensitivity of this recognition process. The physical mech-
anism by which TCR and CD28 coordinate to facilitate this process remains-
unresolved due to convoluting crosstalk between various ligands, competing
receptors, and overlapping signaling proteins. Here, we have quantitatively
characterized the T cell dose response to varying surface densities of both
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and confocal microscopy, the colocalization and internalization of TCR and
CD80 was tracked over the standard calcium response time. TCR and CD80
spatiotemporal dynamics varied between agonist surface concentrations in a
non-linear manner. Implications of these results will be discussed.
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The high affinity IgE receptor, FcεRI, serves as the primary immunoreceptor on
mast cells and basophils.
Crosslinking of IgE-bound FcεRI via multivalent antigen initiates Src family
kinase mediated phosphorylation of immunoreceptor tyrosine-based activation
motifs (ITAMs), recruitment of the kinase Syk, and propagation of signaling
through the scaffolding protein Linker for Activation of T-cells (LAT). While
the sequence of these signaling events has been well studied using biochemical
techniques, the biophysical mechanisms that regulate FcεRI signaling are unclear
because protein activation and dynamicprotein-protein interactions are difficult to
quantify on living cells. Using two-color singlemolecule imaging in live cells, we
quantify how FcεRI aggregation influences SYK recruitment and LAT mobility.
We imaged the basal surface of RBL-2H3 cells expressing GFP-Syk using
TIRF microscopy and upon crosslinking of FcεRI observed an increase in
the membrane localization of GFP-Syk. The formation of GFP-Syk clusters
directly co-localized with crosslinked FcεRI and the intensity of these clusters
increased linearly with FcεRI aggregate size. Interestingly, while ensemble
measurements showed that FcεRI and GFP-Syk were co-localized over
minutes, single molecule imaging revealed that GFP-Syk clusters are in fact
maintained through a continuous exchange of transiently bound GFP-Syk.
We quantify the residency time of individual GFP-Syk molecules at FcεRI
aggregates and explore the relationship between FcεRI aggregate size and
Syk residency time. The observed transient GFP-Syk binding supports the
hypothesis that phosphorylated SYK moves from FcεRI clusters to bind and
activate LAT. To explore this mechanism further, we quantify the influence
of FcεRI crosslinking on the spatiotemporal distribution of LAT. We have
generated a Fluorogen Activating Protein (FAP) -tagged LAT construct and
take advantage of the far-red emission of the FAP probe to simultaneously track
FAP-LAT mobility with respect to FcεRI/SYK patches.
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Shear Flow Regulates Osteogenic Differentiation of Mesenchymal Stem
Cells through TRPM7-Mediated Osterix Pathway
Yi-Shiuan Liu1, Chin-Ching Huang1, Meng-Hua Yen1, Oscar K. Lee1,2.
1Stem Cell Research Center, National Yang-Ming University, Taipei,
Taiwan, 2Department of Orthopedics, Taipei Veterans General Hospital,
Taipei, Taiwan.
Mesenchymal stem cells (MSCs) have the potential to differentiate into different
cell types and are precursors of osteoblasts. Micro-environments composed of
chemical and physical cues both can regulate MSCs commitments but the later
ones are less investigated. Previous studies have indicated that shear flow, a
potent and physiologically relevant mechanical force, affects MSCs differentia-
tion. Here we demonstrated that shear flow regulated osteogenic differentiation
and induced calcium signaling of MSCs. For the study, MSCs were cultured in
homemade parallel-plate chambers with 0.08mm thickness until desired conflu-
ency was reached. Gene expressions of transcription factor Osterix and homeo-
protein Dlx5 were upregulated after MSCs exposed under 12 dyne/cm2
intermittent shear stress for three hours, but the expression of Runt-related tran-
scription factor 2 (Runx2) was not changed significantly. On the contrary,
continuous shear flowupregulatedRunx2without affectingOsterix gene expres-
sion. Moreover, ten minutes after the intermittent shear flow turned off, the
upregulation of Osterix was abolished. Gene knockdown of Transient Receptor
PotentialMelastatin 7 (TRPM7) and 2-Aminoethoxydiphenyl borate blockingof
TRPM7 attenuated the upregulation of Osterix as well. In addition, ratiometric
analysis of real-time calcium imaging demonstrated that laminar fluid flow
immediately caused transient cytosolic free calcium increase in MSCs. In sum-
mary, our study reveals two distinct signaling pathways that are regulated by
different patterns of fluid flow. For the first time, we identify a novel TRPM7-
Dlx5-Osterix axis which is activated by intermittent shear flow and related to
calcium signaling.We are currently investigating the underlyingmechanotrans-
duction pathways and the responsive mechanosensors for intermittent shear
flow. The underlying molecular mechanisms revealed by this study could
provide insight for future drug developments.2639-Pos Board B331
Profiling of Target Genes that Regulate EP-Induced Growth Inhibition of
H460 through the Transcriptional and Proteomic Analysis
Joonhee Kim1,2, Eunil Lee1,2, Eunjeong Cha2, Eunyoung Hong2.
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Graduate School, Korea University, Seoul, Republic of Korea, 2Department
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Mechanical forces from outside the cells such as compression, stretching or
shear stress are well known to participate in various cellular processes.
Elevated pressure (EP) is an extrinsic mechanical force which induces mild
hyperoxia under 2 ATA of pressure when applied to cells or whole tissues.
To evaluate the effect of EP, we tested cell growth in H460 non-small lung
carcinoma cells during 48 hours. Cell growth was inhibited over 25% without
DNA damage and cell death, and colony formation was also suppressed at EP
compared to cells cultured in conventional cell incubator.
To identify target molecules that induces cell growth inhibition, we performed
transcriptional and phospho-proteomic analysis with phospho-MAPK array. By
transcriptome analysis using RNA-sequencing, we identified that 545 genes has
increased and 304 genes has decreased over 2 folds in cells under EP. Many
genes were related with membrane proteins, ECM molecules and cytoskeleton
molecules. Among them we confirmed the gene including IGFBP5, P2RY6 and
IL1R2 by real-time PCR. Among MAPK proteins only Erk phosphorylation
was decreased, but not Akt, JNK and MKK3/6 under the exposure of EP
for 4 hours. Phospho-proteomic analysis with 2D and PMF (Peptide mass
fingerprint) showed increased phosphorylation of 41 proteins including
GNB2L1 (Guanine Nucleotide Binding Protein) and decreased phosphoryla-
tion of 14 proteins including HELLS (helicase, lymphoid-specific) which are
known to regulate cell growth and Erk activation.
Our results suggested that EP inhibits cell growth of H460 cancer cells through
regulation of various molecules related with cell growth including Erk, IGFBP
and GNB2L1.(Medical Research Center for Environmental Toxico-Genomics
and Proteomics Project, No.20090091416).
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The spatial distribution and remodeling dynamics of nanoscale clusters of
outer-leaflet GPI-anchor proteins (GPI-APs), glycolipids and inner-leaflet
Ras proteins are regulated by the activity of the underlying cortical acto-
myosin machinery. Recently, we proposed a theoretical framework based on
active hydrodynamics of short polar filaments interacting with myosin motors
to explain the nanoclustering of the GPI-APs. This framework involves the
coupling of cell-surface molecules to these dynamic filaments of actin at the
inner leaflet, this in turn leads to their transient clustering. We predicted and
experimentally confirmed that transmembrane proteins with cytoplasmic do-
mains capable of directly binding filamentous actin (TM-ABD), would be orga-
nized both at nanoscale (<20 nm) and mesoscale (300-1000 nm) by the same
dynamic actin, akin to the GPI-APs. We expect the two molecules (GPI-AP and
TM-ABD) to have varying affinity (or strength of coupling) towards the
dynamic filaments owing to differences in their coupling mechanism with
the actin, and our theoretical analysis shows that this will have consequences
on their cluster remodeling dynamics and spatial segregation as well as sorting
of these molecules. Here, we explore the differences in the dynamics of nano-
clustering between the two molecules, using a novel multi-point photolysis
tool. Moreover, using Homo-FRET imaging, we show how the clusters of these
two molecules are spatially segregated at both nanoscale and mesoscale to form
distinct domains. Using polarity sensitive membrane probes we study the local
lipid environment of the clustered regions of the two probes. Our results show
how an actin-based mechanism can drive the active phase segregation of
membrane domains in a living context. These studies will eventually contribute
significantly in building up a generalized paradigm for understanding mole-
cular organization and its spatio-temporal regulation on the plasma membrane.
2641-Pos Board B333
Cortical Microtubules Shape GPCR Spatiotemporal Membrane Organiza-
tion and Signaling
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Lateral mobility within the plasma membrane critically dictates the interaction
capability of G-protein coupled receptors with their downstream effectors and
allows fine-tuning of cellular functions. Prostaglandin E2 (PGE2) signaling via
